by the scientific community, and to disseminate information to the widest practicable audiences. Aeronautics and space topics have long been known to be a magnet for learning. Today, with the increased attention on educating our citizens, NASA hopes to assist the educational community in the use of this magnet through its educational programs.
To achieve this goal, the Educational Affairs Division has designed educational programs to capture students' interest in science, mathematics, and technology at an early age, and to maintain their interest throughout higher learning. At the high school and university levels, these educational programs seek to channel more students into engineering and science careers. For teachers and university, faculty. NASA's educational programs recognize the importance of upgrading knowledge, skills, and experience.
Excellence in education becomes more important than ever as NASA continues Space Shuttle operations and begins construction of Space Station Freedom, a permanently manned space station. The national goals that will extend U.S. leadership include a permanent lunar base, expeditions to Mars, and extensive exploration of our solar system. Meeting these goals, however, will require years of planning and preparation. Intensive research and technology development in robotics, automation, space sciences, life sciences, space transportation, and many other areas must take place. Such research and development depend on a welleducated workforce. A large pool of highly motivated, talented workers must be developed and available. Action must be taken now to ensure that our youth are equipped with the educational tools they will need. This effort will require the cooperation of government, GOVERNMENTINFORMATION QUARTERLY Vol. 71No.2/'1990 industry, theeducational community, and thepublic. NASA willcontinue toplaya pivotal rolein thedevelopment of thisworkforcethroughitsEducationalAffairsDivisionand itsinstallations.
PIPELINE ISSUES
In the Educational Affairs Division, much of our attention is occupied by trying to keep the "pipeline" of science and engineering students filled. These same issues preoccupy other organizations throughout the country. Significantly, the United States is faced with:
• a declinein the number of students who choose scienceand engineeringcareers;
• a low levelof literacy in scienceand mathematicsforour middle-and high-school students compared with similar-level students in otherindustrialized countries;
• a decliningproportionof 18-to 24-year-olds who representthe traditional college students;
• a projected 36 percentincrease in scientists and engineersneeded by theyear2000;
• a largeincrease expectedintheearly21st centuryinunder-represented minorities and women, a group nottraditionally drawn tothephysical sciences and engineering; and • a decline in theproportion ofU.S.citizens pursuingPh.D.s inscienceand engineering,compared with an increase inforeign nationals pursuingtheseadvanceddegrees from American universities.
These issues are compounded when one takes a close look at the poor preparation our teachers receive. For example, the 1983 Yearbook of the National Science Teachers Association reports that nearly one half of all high-school science teachers have never had a course in computer science or calculus. It further states that only one-third of all elementary science teachers have taken a college chemistry course, and that only one-fifth have had a course in physics. In August 1988 an agencywide inventory of NASA educational programs was completed.
NASA AEROSPACE EDUCATION PROGRAMS
Using data from 1987, the inventory revealed that NASA administers 162 aerospace education programs and projects, which cover elementary, secondary, university, and post-graduate levels. These programs reached more than 6 million participants with the annual cost for all programs at almost $64 million. Some of our educational programs are designed to address specific pipeline issues, such as how to capture a student's interest in science, mathematics, and technology at an early age and grade level. In the late 1950s, the United States was also concerned with increasing interest in mathematics and science education, but focused energies on students at the secondary level. Since then we have learned that if students do not develop a significant interest in these subjects by the third or fourth grade, their prospects of developing an enduring interest diminish over time.
Our aerospace education programs typically seek to channel more students at the junior and senior high and undergraduate levels into science, engineering, and related career paths.
For university graduates and post-graduates, our focus is on attracting and retaining students in critically needed aerospace disciplines, and for teachers and university faculty, we strive to upgrade their knowledge, skills, and experiences.
Pre-College Student Programs
The SSIP also reaches thousands of students who do not submit formal entries. They are 
Teacher Education Programs
NASA conducts workshops and programs designed to increase the knowledge, skills, and experience of teachers. The Aerospace Education Software Directory is an inventory of commercial and public domain computer software on aerospace education programs. The publication lists software intended for grade 3 through the university level. Topics include astronomy, aeronautics, aerospace physics, manned space exploration, rocketry, and satellites.
UNDERGRADUATE, GRADUATE, AND UNIVERSITY FACULTY PROGRAMS
The • establish a national network of universities with interests and capabilities in aeronautics, space, and related fields;
• encourage cooperative programs among universities, aerospace industry, and federal, state, and local governments;
• encourage interdisciplinary training, research, and public service programs related to aerospace;
• recruit and train professionals, especially women and under-represented minorities, for careers in aerospace science, technology, and allied fields; and
• promote a strong science, mathematics, and technology education base from elementary school through university.
Up to 12 space grant colleges or consortia will be selected via a competitive, peer-reviewed process in 1989.
COORDINATION OF AEROSPACE EDUCATION ACTIVITIES
We realize that NASA does not have sufficient resources to enhance the teaching of science, mathematics, and technology in the nation's schools by itself. We believe that if aeronautics and space concepts are to have some presence in this country's 83,000 elementary and secondary schools, with 45 million students and 3 million teachers, and the 12 million students and faculty in higher education, we must form educational partnerships. This is one of our greatest challenges because successful partnerships do not magically materialize, and it is much easier to talk about them than to actually engage in the meaningful coordination that is required to develop them.
To date, our programs are best characterized by three types of coordination. The first type of cooperation is with organizations that operate aerospace programs for us through grants or contracts. Such arrangements include the National Science Teachers Association, Oklahoma State University, the Universities Space Research Association, TRESP Associates, American Society for Education Engineering, the National Research Council, and the Council of Chief State School Officers. These are our strongest coordination efforts.
Our second coordination effort is with other nonprofit education organizations. They include the Challenger Center for Space Science Education, the Young Astronaut Council, the Astronauts Memorial Foundation, the U.S. Space Foundation, the Alabama Space and Rocket Center CO.S. Space Camp), and the Science Service. Our relationships with these groups are relatively new, but we are increasing them.
Finally, coordination efforts are made with other federal agencies. One example is our strong partnership with the National Air and Space Museum. We have also worked closely with other Federal agencies such as the National Science Foundation, the U.S. Department of Education, the Department of Energy, the Department of Defense, and the Federal Aviation Administration.
Partnerships are also being established between corporate leaders and educators. NASA believes these efforts are vital, especially in science, mathematics, and technology. We are, therefore, beginning to work with the aerospace industry to replicate proven models.
The Industry Initiatives for Math and Science Education (IISME) is one such model. Annual leave or other personal leave must be taken for these periods. Tuition is another problem because certification courses are not related to current duties and personnel may not be compensated.
A third inhibitor is the federal tax law. It discourages those engineers and scientists who might volunteer to become science, mathematics, and technology teachers. The tax law will not allow the deduction of tuition expenses because the required education courses are unrelated to current employment. The tax law also taxes stipends, should any of these employees decide to pursue graduate study and obtain fellowships after retirement.
It is clearly beyond NASA to recommend the resolution of these problems, and reasons not to make changes may exist. However, as long as these conditions do exist, efforts to encourage retiring scientists and engineers to prepare for second careers in teaching are unlikely to succeed. Our experiences during the first 2 years of our five-year plan for aerospace education signal the need to accomplish a more strategic impact, rather than a greater volume impact on the nation's science, mathematics, and technology education system. The current constrained budget environment forces us to focus on activities that make the broadest and most effective impact.
Future Plans
As Lennard A. The time has come to look beyond brief encounters.
We must commit ourselves anew to a sustained program of manned exploration of the solar system--and yes--the permanent settlement of space. We must commit ourselves to a future where Americans and citizens of all nations will live and work in space. Our goal is nothing less than to establish the United States as the preeminent spacefaring nation.
To advance our aerospace education programs, we would like to:
• modify, but retain, the priorities of our five-year plan, namely, elementary education, teacher education, university programs, the Space Grant College and Fellowship Program, under-represented minorities, educational technology, Spacemobile Program, and educational partnerships;
• design and structure some of our pre-college programs as demonstrations to test different approaches, assess outcomes, document results, and disseminate findings for adoption by others;
• use NASA's newly emerging Space Grant College and Fellowship Program as a model to promote partnerships and cooperation among universities, federal, state, and local governments, and aerospace industry to encourage and facilitate the application of university resources to aerospace and related fields;
• seek opportunities for joint and coordinated funding and programs between NASA and the National Science Foundation, the Department of Education, and other federal agencies;
• expand the Spacemobile Program by establishing a spacemobile for each state with justifiable school population and distribution. Diversified approaches and experimental projects among the states will be used to assess the effectiveness of motivating more student and teacher interest in science, mathematics, and technology; • target colleges of education to support a set of pilot projects to teach future educators how to infuse aeronautics and space concepts into the existing curriculum of any school system in which they may be employed;
• establish a wide talent pool of technical writers to produce, for NASA's dissemination, modular sets of supplementary curriculum materials featuring aeronautics and space. The materials will be drawn from NASA's aeronautics, space science, and technology missions and activities and tailored to specific school courses and subjects. The science and engineering expertise of the Astronaut Corps will be a key resource,
• implement the proposed National Scholars Program (NSP), which is designed to produce 320 Ph.D.s from under-represented minorities in science and engineering by the year 2000; and • continue to demonstrate alternative uses of technology to deliver aerospace education services to teachers and students.
CONCLUSION
We are convinced that the aeronautics and space program represents a powerful magnet for learning. The range of aerospace education programs and activities that NASA has established for elementary through postgraduate school helps to expand students' interests in science, mathematics, and technology. Through our teacher education programs, NASA enriches other academic subject areas as well.
In anticipation of Space Station Freedom, a permanent lunar base, manned Martian expeditions, and the projected series of planetary missions and other aerospace developments, our students will be exposed to a rich set of incentives to help prepare them for key roles in this nation's future work force. NASA's educational efforts will be further strengthened by partnerships with other federal agencies and both public and private organizations. NAS_Cs relationship with the educational community has been a long and beneficial one.
Our programs are many and diverse. In one dimension, certain programs contribute directly to NASA's research into problems of flight within and outside the Earth's atmosphere.
In a second dimension, other programs integrate the knowledge derived from aerospace research and development into the educational system at all levels--elementary through postgraduate.
What is significant, however, is not the size or number of individual programs or projects, but their diversity and how each contributes to the mission of the National Aeronautics and Space Administration and, therefore, to the United States civilian aerospace effort.
